Recent studies of the Milky Way and its satellites have paid special attention to the importance of carbon-enhanced metal-poor (CEMP) stars due to their involvement in Galactic formation history and their possible connection with the chemical elements originating in the first stellar generation. In an ongoing study of red giants in the Sculptor dwarf galaxy we have discovered a star with extremely strong CN and CH molecular bands. This star, Scl-1013644, has previously been identified by Geisler et al. 
INTRODUCTION
The study of metal poor stars provides clues about the early phases of star formation and chemical evolution in the universe. In order to understand the history of Galactic formation, many studies of metal-poor stars in the oldest structures, such as the Galactic halo and the ancient dwarf galaxies, have been made (e.g., Beers & Christlieb 2005; Frebel & Norris 2013 . Studies of the Galactic halo have shown that it has a population of carbon-rich stars, defined as [C/Fe] ≥ 0.7 (Aoki et al. 2007) , and that the frequency of these stars increases with decreasing metallicity (Beers & Christlieb 2005) . The definition of carbon-enhanced metal-poor (CEMP) stars encompasses different sub-groups: CEMP-s stars that show an excess of heavy elements produced by slow neutron capture (e.g. Ba); CEMP-r stars, which are dominated by rapid neutron capture elements (e.g. Eu); and CEMP-no stars which do not show any enhancement of neutron capture elements. Around 80% of the observed CEMP stars can be defined as CEMP-s stars making it the most common subclass of CEMP stars (Aoki et al. 2007 ). The data suggest that the origin of CEMP-s stars is due to the mechanism of exchange of mass between a carbon enhanced AGB star and its binary companion, which is the star observed as the CEMP-s star today ⋆ Contact e-mail: carolina.salgado@anu.edu.au (Lucatello et al. 2005; Cohen et al. 2006; Starkenburg et al. 2014; Izzard et al. 2009 ). The chemical abundances present in CEMP-s stars do not reflect the interstellar medium (ISM) from which they formed. Many studies of carbon abundances in different environments have been performed. An example of these is Kirby et al. (2015) , who presented results for carbon abundances of red giants in several globular clusters and dwarf spheroidal galaxies. In their study 11 very carbon-rich stars were identified, of which 8 were previously known. The stars were found in three of the four dwarf galaxies studied but not in Sculptor. In this and the other dwarf galaxies Kirby et al. (2015) studied a large sample of red giant stars in order to understand the relation between the dSphs and the Galactic halo and their chemical enrichment. As regards the noncarbon enhanced stars ([C/Fe] < +1) in the dSphs, they compared the trend of [C/Fe] versus [Fe/H] with the trend for Galactic halo stars. They found that the 'knee' in [C/Fe] occurs at a lower metallicity in the dSphs than in the Galactic halo. Additional interesting results for Sculptor have been obtained by Skúladóttir et al. (2015) (hereafter AS15) who reported the first CEMP star in this dwarf galaxy, a star which does not show any overabundance of neutron capture elements. This finding adds to the previous CEMP-no stars found in Segue 1 , which has three CEMP-no stars, and Boötes I which has one (Gilmore et al. 2013 ).
Recently Lardo et al. (2016) (hereafter L16) presented carbon and nitrogen abundance ratios and CH and CN index measurements for 94 RGB stars in Sculptor. They reported that the [C/Fe] abundance decreases with increasing luminosity across the full metallicity range in the dSph, with the measurements of [C/Fe] and [N/Fe] in excellent agreement with theoretical model predictions ). They also reported the discovery of two CEMP stars in Sculptor, both of which show an excess of barium consistent with s-process production. Studies of carbon abundances have been also made in ultrafaint dwarf galaxies. Some remarkable results were found by Norris et al. (2010) and Frebel et al. (2014) in Segue 1. They found that the metal-poor red giants in this dwarf galaxy have the highest relative proportion of CEMP stars: of the 7 metal-poor red giants studied, four were found to be CEMP stars of which three stars are CEMP-no and one is CEMP-s. In the current work we present further results for the Sculptor dwarf spheroidal galaxy, which is dominated by old (age > 10 Gyr) metal-poor stars with no star formation having occurred for at least ≈ 6 Gyr (De Boer et al. 2012 ). The galaxy is relatively faint, with M V ≈ −11.2, and has a distance from the Milky Way of 86±5 kpc (Pietrzyński et al. 2008) . As has been mentioned, many studies of carbon abundances have been made in Sculptor (e.g., Kirby et al. 2015; Frebel et al. 2010) . In general, the presence of carbon enhanced metalpoor stars is relatively infrequent in the classical (L > 10 5 L ⊙ ) dSph companions to the Milky Way . In this paper we report on the star Scl-1013644 (ID from Kirby et al. (2010) ), which has a metallicity [Fe/H] = -1.0, and which shows an substantial enhancement of carbon. This star also possesses a strong s-process element enhancement, which is compatible with the results from the high resolution study of Geisler et al. (2005) (hereafter DG05). We have estimated the abundances of carbon, nitrogen and barium for Scl-1013644 from comparisons of the observed data with synthetic spectra.
OBSERVATIONS AND DATA REDUCTION
Our sample of RGB members of the Sculptor dwarf spheroidal galaxy was selected from the work of Walker et al. (2009 ), Coleman et al. (2005 , Battaglia et al. (2008) . Our data are composed of 2 sets of observations that cover two distinct wavelength regions. Spectra of the blue region, centred at 4300Å, were collected with Gemini-South telescope on Cerro Pachon, Chile, using the Multi-Object Spectrograph (GMOS-S) (Hook et al. 2004) . Six masks were observed with each mask observed twice at slightly different central wavelengths to compensate for the inter-chip gaps. The red spectra, which cover 5800-6255Å approximately, were obtained with the Anglo-Australian Telescope (AAT) at Siding Spring Observatory using the 2dF multi-object fibre positioner and the AAOmega dual beam spectrograph (Saunders et al. 2004; Sharp et al. 2006) . The red spectra are the combination of multiple 1800 second exposures obtained across 3 nights. Details of the observations are shown in Table 1 . The blue spectra were reduced, extracted and wavelength calibrated with standard IRAF/Gemini soft- ware 1 . These spectra permit the analysis of the G-band of CH (λ ≈ 4300Å) and of the λ ≈ 3883Å and λ ≈ 4215Å bands of CN. The red spectra were reduced with the 2dF data reduction pipeline 2DFDR 2 and are useful for investigating s-process element abundances. Blue spectra are available for 45 Scl stars and red spectra are available for 161 Scl stars.
Line strengths
When the reduced blue spectra were inspected we noticed immediately that the spectrum of star Scl-1013644 showed very strong CH and CN features. The observed spectrum (not flux calibrated) and the normalized spectrum are showed in Figure 1 . The appearance of these spectra immediately allows the classification as a CH-star. The star has been included in previous studies under different IDs. It is star 10 8 2607 in Coleman et al. (2005) , star 982 in Schweitzer et al. (1995) and Geisler et al. (2005) , and Scl-1013644 in Kirby et al. (2010) . These studies have unambiguously classified the star as a Sculptor member on the basis of radial velocity and/or proper motion.
SYNTHESES AND ABUNDANCE ANALYSIS
Prior to the abundance analysis it is necessary to normalize the continuum of the observed spectra (red and blue) of Scl-1013644. The observed blue spectrum is the combination of two exposures taken at slightly different central wavelengths. As seen in the upper panel of Figure 1 , the extensive CH-and CN-bands make the normalization of the spectrum difficult. We fitted a low order polynomial to the (pseudo)-continuum points between ≈3900 and ≈4500Å. The resulting continuum normalized spectrum is shown in the lower panel of Figure  1 , and it has been used to compare with the synthetic spectrum calculations described below. The observed red spectrum is a combination of a series of individual exposures obtained during the AAT observing run. Because the wavelength coverage of the red spectrum lacks any strong CH-and CN-features, the continuum normalization was considerably easier. As before a low order polynomial fit was used for the normalization. The abundance analysis has been performed using the local thermodynamic equilibrium (LTE) spectrum synthesis program MOOG (Sneden 1973; Sobeck et al. 2011 ) utilizing ATLAS9 model atmospheres (Castelli & Kurucz 2003) . We adopt solar abundances from Asplund et al. (2009) . The stellar parameters used as input to generate the synthetic spectra are T e f f = 3980 K, log g = 0.5, [Fe/H] = -1.0, taken from DG05, and ξ = 4.0 km s −1 . The stellar parameters have been also estimated by Kirby et al. (2010) who lists: T e f f = 4200 K, log g = 0.41, and [Fe/H] = -0.96 dex. These values are consistent with those of DG05. We have adopted the parameters estimated by DG05 in order to compare with more confidence our estimation of [Ba/Fe] and [O/Fe] with their values. The synthetic spectra of the CH and CN features were smoothed with a Gaussian kernel of 3.0Å FWHM. Our results of the abundance analysis are presented in Table  2 . Carbon, nitrogen, oxygen and barium abundances have been derived by comparison of the observed and theoretical spectra. The best fit is that which has the lowest residuals between the observed and synthetic spectra. Carbon was determined in the region of CH G-band between 4250 -4340 A. In this same region we investigated the effect of changing [O/Fe] on the derived [C/Fe]. Nitrogen was estimated using wavelengths between 4120 and 4290Å and the value for barium comes from the region 6138 -6144.5Å, which contains the λ6141.7Å line of BaII. Figure 3 and Figure 4 show parts of these regions. We now discuss the details of the abundance analysis.
Carbon, Nitrogen and Oxygen abundances
The abundance of oxygen (and nitrogen to a lesser extent) can affect the measurements of carbon because they form diatomic molecules with carbon and/or can contribute to the opacity of the stellar atmosphere. Unfortunately, it was not possible to measure these elements independently with our spectra. We performed the spectrum synthesis to estimate the carbon abundance, which was refined by exploring different assumed oxygen abundances. In particular, the sensitivity of the derived carbon abundance to the assumed Our attempts to use the value for oxygen given by DG05, [O/Fe] = -0.3, were unsuccessful due to poor agreement between the observed and synthetic spectra for this oxygen abundance. In Figure 2 we show a synthetic spectrum for CH using [O/Fe] = -0.3 dex. In order to generate an acceptable fit it was necessary to change the value of carbon to [C/Fe] = -0.17 dex. However, such a low abundance ratio would appear to be inconsistent with the obvious strength of the CN and CH features in the observed spectrum shown in the panels of Figure 1 . In order to investigate this difference further, we computed the strength of the oxygen line at ≈ 6300Å using our pre- of this star in Figure 3 of DG05 becomes inconsistent with the trend for the other stars in the DG05 sample. However, we have to consider that the abundances of this star do not represent the original ones because it most likely has suffered a mass transfer from a companion.
To compare the quality of our fits with respect to the observational data we computed the root mean square (rms) of the difference between the observed and synthetic spectra for the fits shown in Figure 2 Table 2 . 
Barium abundance
CEMP-s stars are characterized by an excess of elements heavier than zinc and which are formed by the slow neutron capture process. The spectrum of Scl-1013644 around 6142Å shows a strong line of BaII (see Figure 4 ) which may indicate a substantial s-process element enhancement. Such an enhancement is consistent with the definition of CEMP-s star.
To determine the Ba abundance we again used spectrum synthesis, smoothing the synthetic spectra to 1Å resolution to match the observations. The barium abundance was computed assuming solar isotopic ratios from McWilliam (1998) and hyperfine spitting (hfs). The neighbourhood of the BaII line is affected by lines of ZrI, SiI, and FeI among others but for the synthesis shown in Figure 4 we fit only the BaII line. For our synthesis we have assumed [Zr/Fe]= +0.7; however, if we use [Zr/Fe] = +1.2 from DG05 the fit does not noticeably improve. The fit shown in Figure 4 is good but we also show in the Figure barium abundances that differ by ±0.15 dex from the best fit. Our value of [Ba/Fe] = +2.1 is slightly higher than the value, [Ba/Fe] = +1.89, given in DG05 but considering the uncertainties these results are consistent. Our derived abundance is again presented in Table  2 .
Error analysis
The total error is the combination of the errors from the uncertainties in the stellar parameters, which we denote by σ S P and define in equation 1, together with additional sources of error, σ f it , which include the effects of signal-to-noise and the fitting uncertainty. The total uncertainty, σ total , is then the combination, as given by equation 2.
(1)
We have estimated σ S P by repeating the abundance analysis varying the atmospheric parameters by T e f f = ±200 K, log g = ±0.2, [M/H] = ±0.4 and ξ = ±0.2 km s −1 . In the case of the spectrum synthesis σ f it corresponds to the uncertainties of the fit in an rms sense. It is important to remark that the strength of the CH molecular features is dependent on the oxygen abundance; therefore the C and O abundances are interdependent. They have been measured in the same spectrum synthesis and as a consequence of this, σ f it for C and O is the same. The σ total for carbon uses σ f it = ± 0.15 to which has been added a further σ f it = ± 0.15 from the assumed uncertainties in oxygen abundance. As the determination of the nitrogen abundance from the CN features is subject to the adopted value of carbon, which is also dependent on the adopted oxygen abundance, we have considered this dependence as an additional source of error σ add . Therefore, only for the σ total of nitrogen, we have added quadratically to the equation 2 the value of carbon σ total = 0.24 as an extra error. To summarize this section, we have considered the effects of errors in the stellar parameters, the error of the fits and additional sources (which just for nitrogen considers the dependence of C and O). The values of these various uncertainties are listed in Table 3 . Table 3 . Abundance errors from uncertainties in the atmospheric parameters and fits. 
DISCUSSION AND CONCLUSION
In this work we present the discovery of Scl-1013644 as a previously unhighlighted CEMP-s star in the Sculptor dwarf galaxy. This star stood out in the sample of 45 stars observed because of the substantial strength of the CH and CN features in the star's spectrum. An abundance analysis for carbon, nitrogen, oxygen and barium has been carried out for the star, via a comparison of the low resolution observed spectra from AAT/AAOmega and Gemini/GMOS-S with synthetic spectra models. Scl-1013644 is located near the tip of the RGB in the colourmagnitude diagram. Therefore, due to the convective mixing that occurs in these stars, material processed through the CN-cycle has been incorporated into the surface layers of the star. As a result, an enrichment in N and a depletion in C relative to the original abundances occurs at the surface. It is therefore necessary to take this effect into account when considering the original surface C abundance before the onset of the mixing process. Corrections to the observed C abundance as a function of evolutionary state on the RGB are discussed in Placco et al. (2014) . For Scl-1013644, given the relatively high overall abundance, the evolutionary mixing correction to the observed C abundance is small, -0.02 dex, well within the uncertainty of the C abundance determination. Nevertheless, with [C/Fe] = +0.8, Scl-1013644 does lie marginally above the limit adopted by Aoki et al. (2007) , confirming the star as a CEMP-star. and 90085, respectively, Scl-1013644 has a smaller carbon enhancement but a higher [C/N] value and a higher overall metallicity. CEMP-s stars are conventionally explained as the result of mass transfer to the current star when the original primary, of mass 2-3 M ⊙ , evolves through the AGB phase. That phase sees the dredge-up of substantial amounts of carbon and s-process elements such as Ba (e.g., Karakas et al. 2012) . We have no information concerning possible radial velocity variability for Scl-1013644, however, we see no reason to dispute the mass-transfer process as the likely origin for this and the other CEMP-s stars observed in Sculptor. Once a complete sample of CEMP-s stars is established in Sculptor, it may be possible to use the frequency of occurrence of such stars to constrain the binary fraction in this dwarf galaxy (Starkenburg et al. 2014) . Improved statistics on the occurrence of CEMP-no stars in this dwarf may also shed light on the likely different origin of such stars.
